Retrieval of the Complete Coding Sequence of the UK-Endemic Tatenale

Orthohantavirus Reveals Extensive Strain Variation and Supports its
Classification as a Novel Species.
Hantaviruses are a diverse group of single-stranded, negative-sensed RNA viruses, known to cause sporadic outbreaks of potentially fatal human disease. To date, only two Orthohantavirus species have been detected in the UK -Seoul virus and Tatenale.
Whilst Seoul is known to be pathogenic in humans, only partial fragments of Tatenale have been recovered, precluding any accurate analysis of its phylogeny or potential pathogenicity. To overcome this shortfall we used a degenerate primer PCR method to identify Tatenale-infection in rodents living in two separate locations in the UK. PCR positive samples were then subjected to either unbiased high-throughput sequencing or overlapping PCR product sequencing to recover the complete coding sequence of the Tatenale virus. This analysis provided in-depth insight into the evolutionary origins of this recently identified UK Orthohantavirus and unequivocally showed that Tatenale virus meets the established criteria for classification as a novel species. Crucially, our data will facilitate in vitro investigation into the zoonotic potential of Tatenale virus.
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Main Text
Orthohantaviruses are a diverse genus of RNA viruses, belonging to the Bunyavirales order.
They primarily circulate in rodents, in which infection is persistent and asymptomatic.
Several species are capable of transmission into humans through the inhalation of aerosolised excreta. Infection can lead to hantavirus fever (HF) [1] , with severity ranging from subclinical to fatal. Four species are known to cause HF in Europe: Seoul (SEOV), Dobrava-Belgrade (DOBV), Tula (TULV) & Puumala (PUUV) [2] ; only one of which, SEOV, has been detected in the UK [3] .
HF has been reported sporadically in the United Kingdom [4] , although the causative species could not be identified due to cross-reactivity of the serological assays used to diagnose the Orthohantavirus infections. In addition, SEOV RNA was detected in 2011 & 2012 in brown rats (Rattus norvegicus) that were epidemiologically linked to 2 HF cases [5] . Furthermore, a novel vole-associated Hantavirus related to TULV & PUUV, Tatenale virus (TATV), was identified in North West England in 2013 [6] and again in Northern England in 2017 [7] .
However, fragments of less than 400 nucleotides were retrieved for only two of the three genomic segments, meaning that phylogenetic analysis of this virus was limited. In 2019, an orthohantavirus was detected in German field voles, Traemersee virus (TRAV), and was thought to be a strain of Tatenale virus. However, the aforementioned paucity of published TATV sequence data has precluded any accurate comparison between TATV and TRAV [8] .
To better understand Tatenale virus prevalence and phylogeny, we performed in-depth sampling and analysis of various rodents living in the UK. Rodents were caught at two sites in the United Kingdom: Leicestershire (Site 1) and Cheshire (Site 2). Seventy-two rats (R. Full-length coding sequence (CDS) and partial untranslated region (UTR) was retrieved for each of the three segments of the Norton-Juxta strain; the CDS was 1303bp for S (GenBank accession number MK883757), 3447bp for M (MK883759) and 6465bp for L (MK883761).
Using the PCR primer walking approach, complete CDS was retrieved for S (MK883756) and L (MK883760) and near-complete CDS of the M (MK883758) for the Upton-Heath strain. The two strains were 94.1%, 91.3% and 90.6% similar at the nucleotide level, across the S, M and L segments, respectively. The original phylogenies of B41 and Kielder strains of TATV were based on <400bp fragments of the L and S or L segment, respectively [6, 7] . figure 1A-B) showed that both the Norton-Juxta and Upton-Heath strains clustered with TATV. Within the partial S segment phylogeny, the Upton-Heath and Norton-Juxta strains were 99% and 94% similar to B41. For the partial L segment, the Upton-Heath and Norton-Juxta strains were 87% and 94% similar to the B41, respectively, and 86% similar to the Kielder strain.
Analysis of the corresponding L and S sequences (Supplementary
Further analysis of the L (Figure 1, A) , M (Figure 1 This is the first reported recovery of full coding sequences for TATV. Species demarcation criteria of >7% AA divergence across S and M segments [11] , as well as stricter criteria of a PED of lower than 0.1 in the concatenated S and M segments [12] , have been suggested. As the PED values between the complete Norton-Juxta strain of TATV and TRAV is below the 0.1 speciation threshold, both viruses are members of the same viral species, as was hypothesised by Jeske et al [8] .
These findings extend the known range of TATV into central England and further strengthens the evidence of M. agrestis as a primary reservoir. TATV, or a TATV-like virus, has been suggested as a possible causative agent of HF in the United Kingdom [7] . However, the paucity of sequence data has precluded significant investigation. Recovery of full-length CDS will allow for in vitro studies into the zoonotic potential of the virus 
